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Background: The combination of diagnostic and therapeutic 

properties into the same agent for theranostic purposes now is 

focussing more and more on multifunctional nanomaterials giving 

“theranostic nanoparticles” [1]. Pyridinium amphiphiles on 1,4-di-

hydropyridine (1,4-DHP) scaffold having self-assembling properties, 

capable to form liposomes can be used for DNA delivery [2, 3] or in 

perspective for drug delivery. 

Objectives: The aim of this work is the development of new nano-

systems forming molecules which includes: (1) synthesis of new 

cationic moieties containing amphiphiles; (2) evaluation of biological 

activities: cytotoxicity, compound-generated reactive oxygen species 

(ROS) activity and ability to inhibit the calcium channels. 

Methods: Cationic 1,4-DHPs were synthesized according to Pajuste 

et al. [3]. Cytotoxicity of 1,4-DHPs in vitro was assessed using the 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

assay on two monolayer tumour cell lines  — HT-1080 and MH-22A in 

comparison with their action on normal mouse fibroblasts. The 

Neutral red uptake (NRU) assay was performed on 3T3 cells 

according to Stokes et al. [4]. Data from the in vitro tests was used 

for estimation of the starting dose for acute oral toxicity (LD50) tests 

in rodents. Effects of total reactive oxygen species production after 

tested compound exposure in the HT-1080 cell line using CM-

H2DCFDA as a fluorescent probe. Ca2+ channel antagonist  / agonist 

activities were assayed by changes of intracellular Ca2+ concentra-

tions in A7R5 aorta smooth muscle cells. 

Results: This type of compounds is interesting due to self-

assembling properties and 1,4-dihydropyridine cycle because the 

1,4-DHP moiety acts as an active linker. Establishing structure–

activity relationships is a promising tool for design and development 

of putative theranostic agents. We have synthesized more than thirty 

pyridinium amphiphiles by targeted modification of 1,4-DHP 

substituents at 3,5-positions, phenyl substituent at the position 4 and 

2,6-pyridinium moieties; compared their cytotoxicities, estimated 

LD50, ability to inhibit the calcium channels, radical scavenging 

activity. For all synthesized amphiphiles, evaluation of fluourescence 

was performed. All fluorescence spectra were recorded with 

excitation at 410 nm and emission between 400 and 760 nm. All 

spectra were acquired under identical conditions. Only eight 

compounds possessed significant fluorescence. 

Conclusions: The obtained data confirmed that properties of the 

synthesized compounds were dependent on the positions and nature 

of the substituents. 
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